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(57) ABSTRACT 

This invention relates to a method for producing cells Which 
are competent for transformation and Which may be stably 
stored for extended periods of time at various temperatures. 
The method involves growing cells in a groWth conducive 
medium, rendering said cells competent, and lyophiliZing 
said competent cells. The invention further relates to com 
petent cells produced by such a method, to methods of 
transforming said cells With a DNA molecule, and to a 
method of producing a desired protein or polypeptide from 
said transformed cells. 
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METHODS FOR LYOPHILIZING COMPETENT 
CELLS 

FIELD OF THE INVENTION 

[0001] This invention relates to a method for producing 
cells Which are competent for transformation and Which may 
be stably stored for extended periods of time at various 
temperatures. The method involves growing cells in a 
groWth conducive medium, rendering said cells competent, 
and lyophiliZing said competent cells. The invention further 
relates to competent cells produced by such a method, to 
methods of transforming said cells With a DNA molecule, 
and to a method of producing a desired protein or polypep 
tide from said transformed cells. 

BACKGROUND OF THE INVENTION 

[0002] Anumber of procedures exist for the preparation of 
competent cells and the introduction of DNA into these cells. 
For example Mandel and Higa (Journal of Molecular Biol 
ogy 53:159 (1970)) describe a procedure Whereby bacte 
riophage DNA is combined With E. coli cells in the presence 
of 50 mM Cam at 0° C., folloWed by a brief heat pulse at 37° 
C.-42° C. This method has been extended to the uptake of 
chromosomal DNA (Cosloy and Oishi, Proceedings of the 
National Academy of Science 70:84 (1973)) and plasmid 
DNA (Cohen et al., Proc. Natl. Acad. Sci. USA 6912110 
(1972)). A summary of the factors in?uencing the efficiency 
of transformation is given in Hanahan (JMB 166:557 
(1983)). These factors include the addition of other cations 
such as Mg, Mn, or Rb to the Ca-treated cells as Well as the 
prolonged incubation of the cells in CaCl2. The efficiency of 
transformation of E coli cells is substantially enhanced by 
the Lu method described by Hanahan (JMB (1983), here 
inafter referred to as “Hanahan C (1983)”). In the Hanahan 
(1983) method, the cells are groWn at 37° C. in the presence 
of 20 mM Mg. Plasmid DNA is combined With the cells at 
0° C. in the presence of Mn, Ca, Rb or K, dimethylsulfoxide 
(DMSO), dithiothreitol (DTT) and hexamine cobalt chlo 
ride. Competent cells of several strains of Escherichia coli 
(E. coli) prepared by the latter method have transformation 
efficiencies of from 1 to 5><108 transformants/ng plasmid 
DNA. 

[0003] Another method for the preparation of competent 
E. coli cells is disclosed in US. Pat. No. 4,981,797 (Jessee 
and Bloom, 1991). That method includes the steps of groW 
ing the cells in a groWth-conducive medium at a temperature 
of less than 37° C., rendering the cells competent and then 
freeZing them. 

[0004] Generally, froZen competent cells prepared by 
methods such as those summariZed above have transforma 
tion efficiencies of about 1><108 transformants/1 g plasmid 
DNA These competent cells can be stored at —80° C. for 
several months Without signi?cant loss of transformation 
ef?ciency. HoWever, cells prepared by the methods outlined 
above are extremely Unstable When stored at temperatures 
higher than —80° C. (e.g., —20° C.). Stable storage of 
competent cells at higher temperatures is highly desirable, 
since many research labs do not have access to —80° C. 
freeZers. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to a method Which 
alloWs competent cells to be lyophiliZed and stored for 
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extended periods of time at various temperatures (—80° C. to 
room temperature) Without appreciably losing transforma 
tion ef?ciency. Thus, the method of the invention provides 
competent cells Which do not require specialiZed storage 
conditions (e.g., extremely loW temperatures) to maintain 
the transformation efficiency of such cells. 

[0006] The method of the invention comprises groWing 
the cells in a groWth conducive medium, rendering said cells 
competent, and lyophiliZing said competent cells. According 
to the method of the invention, the cells are rendered 
competent by incubating the cells in a competence buffer, 
preferably at a loW temperature (e.g., 0° C. to 4° C.). The 
cells are then lyophiliZed in the presence of a cryoprotectant. 

[0007] The invention further relates to competent cells 
produced by such a method. In a preferred embodiment, the 
cells are Escherichia cells, most preferably E. coli. In a more 
preferred embodiment, the E. coli cells are selected from the 
group consisting of DHSO. and DH10B. 

[0008] In another embodiment, the invention relates to a 
method for transforming the lyophiliZed competent cells 
produced by the above-summariZed method With a DNA 
molecule. The invention also relates to the transformed cell 
produced by this method. 

[0009] In another embodiment, the invention relates to a 
method of producing a desired protein by ?rst obtaining a 
lyophiliZed competent cell produced by the above method, 
transforming the lyophiliZed competent cell With a DNA 
molecule capable of expressing the desired protein, and then 
culturing the transformed cell under conditions sufficient to 
produced the desired protein. The invention also relates to a 
protein produced by this method. 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIG. 1 is a graph shoWing the transformation 
efficiency of competent E. coli DHSO. that had been lyo 
philiZed and stored at —20° C. in NUNC cryovials, Where the 
cryoprotectant used Was either trehalose or sucrose. 

[0011] FIG. 2 is a graph shoWing the cell viability of 
competent E. coli DHSO. that had been lyophiliZed and 
stored at —20° C. in NUNC cryovials, Where the cryopro 
tectant used Was either trehalose or sucrose. 

[0012] FIG. 3 is a graph shoWing the transformation 
efficiency of competent E. coli DHSO. that had been lyo 
philiZed and stored at —20° C., Where the cryoprotectant Was 
trehalose, and the product Was vacuum sealed in glass vials. 

[0013] FIG. 4A is a graph shoWing the transformation 
efficiency of competent E. coli DHSO. that had been lyo 
philiZed in NUNC cryovials, Where the cells Were ?rst 
froZen at —80° C. for 16 hours, lyophiliZed, and then stored 
at —20° C. for varying periods of time. 

[0014] FIG. 4B is a graph shoWing the transformation 
efficiency of competent E. coli DHSO. that had been lyo 
philiZed in NUNC cryovials, Where the cells Were ?rst 
froZen in liquid nitrogen, lyophiliZed, and then stored at 
—20° C. for varying periods of time. 

[0015] FIG. 5 is a graph shoWing the cell viability of 
competent E. coli DHSO. that had been lyophiliZed in NUNC 
cryovials and stored at —20° C. for varying periods of time, 
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Where lyophiliZation and storage at —20° C. is preceded by 
either freezing at —80° C. for 16 hours, or freezing in liquid 
nitrogen. 
[0016] FIG. 6 is a graph shoWing transformation ef? 
ciency of competent E. coli DHSO. that had been lyophiliZed 
according to Example 3. 

[0017] FIG. 7 is a graph shoWing the cell viability of 
competent E. coli DHSO. that had been lyophiliZed according 
to Example 3. 

[0018] FIG. 8 is a graph shoWing the transformation 
ef?ciency of competent E. coli DH10B that had been lyo 
philiZed in glass vials Which Were vacuum sealed, and stored 
at —20° C., Where the cryoprotectant used Was either treha 
lose or sucrose. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

De?nitions 

[0019] In the description that folloWs, a number of terms 
used in recombinant DNA technology are utiliZed exten 
sively. In order to provide a clear and consistent understand 
ing of the speci?cation and claims, including the scope to be 
given such terms, the folloWing de?nitions are provided. 

[0020] DNA Molecule. Any DNA molecule, of any siZe, 
from any source, including DNA from viral, prokaryotic, 
and eukaryotic organisms. The DNAmolecule may be in any 
form, including, but not limited to, linear or circular, and 
single or double stranded. Non-limiting examples of DNA 
molecules include plasmids, vectors, and expression vectors. 

[0021] Cloning vector. Aplasmid, phage DNA, a cosmid, 
or other DNA molecule Which is able to replicate autono 
mously in a host cell, and Which is characteriZed by one or 
a small number of restriction endonuclease recognition sites 
at Which such DNA sequences may be cut in a determinable 
fashion Without loss of an essential biological function of the 
vector, and into Which a DNA fragment may be spliced in 
order to bring about its replication and cloning. The cloning 
vector may further contain a marker suitable for use in the 
identi?cation of cells transformed With the cloning vector. 
Markers, for example, provide tetracycline resistance or 
ampicillin resistance. 

[0022] Expression vector. A vector similar to a cloning 
vector but Which is capable of expressing a gene Which has 
been cloned into it, after transformation into a host. The 
cloned gene is usually placed under the control of (i.e., 
operably linked to) certain control sequences such as pro 
moter sequences. 

[0023] Stably stored. Within the meaning of the present 
invention, competent cells Which can be “stably stored” are 
able to Withstand storage for extended periods of time at a 
suitable temperature, Without appreciably losing their trans 
formation ef?ciency. By the term “Without appreciably los 
ing their transformation ef?ciency” is meant that the com 
petent cells maintain about 40% to 100% preferably 60% to 
100%, more preferably 70% to 100%, and most preferably 
about 80% to 100% of their original transformation ef? 
ciency (just after lyophiliZation) during a storage period of 
30 days, preferably 60 days, more preferably 90 days, and 
most preferably 120 days, at a temperature of —20° C. 
Suitable storage temperatures vary from about room tem 
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perature to about —180° C. Preferably, the storage tempera 
ture ranges from about 4° C. to about —80° C., more 
preferably from about —20° C. to about —80° C. In a 
preferred aspect of the invention, the cells are stored at about 
—20° C. The storage period or time may range from about 0 
days to about 150 days, preferably from about 240 days to 
about 365 days, and more preferably from about 365 days to 
about 450 days, although longer storage times may be used 
at temperatures of about —20° C. and beloW. 

[0024] Competent cells. Cells having the ability to take up 
and establish an exogenous DNA molecule. 

[0025] Substantially pure. As used herein means that the 
desired puri?ed protein is free from contaminating cellular 
components Which Would be associated With the protein in 
nature. “Substantially pure” does not indicate that the pro 
tein must be completely free of all contaminants. 

[0026] The method of the invention provides for the 
production of cells Which are competent for transformation 
and Which may be stably stored for extended periods at 
various temperatures. Both gram negative and gram positive 
prokaryotic cells (e.g., bacteria) can be used in accordance 
With the invention. Examples of suitable prokaryotic cells 
include, but are not limited to, Escherichia sp., Klebsiella 
sp., Salmonella sp., Bacillus sp., Streptomyces sp., Strepto 
coccus sp., Shigella sp., Staphylococcus sp., and Pseudomo 
has sp. Non-limiting examples of species Within each afore 
mentioned genus that can be used in accordance With the 
invention include Escherichia coli, Klebsiella pneumoniae, 
Bacillus subtilis, Salmonella typhimurium, Streptomyces 
aureus, Streptococcus mutans, Streptococcus pneumoniae, 
and Pseudomonas syringae. 

[0027] In a preferred embodiment, the cells Which are 
rendered competent by the claimed method are Escherichia, 
most preferably E. coli. Non-limiting examples of E. coli 
strains Which can be made competent by the claimed meth 
ods include DH5, DH5ot, DH10, DH10B, HB101, RR1, 
JV30, DH11S, DM1, DH10B/p3, DH5otMCR, DH5ot5‘IQ, 
DH5ot5‘, SCS1, Stab2, DH12S, DH5ot-E, DH10BAC, XL1 
Blue MRF, XL2-Blue MF, XLl-Blue MR, SURE Strain, 
SURE 2 Strain, XLl-Blue, XL2-Blue,AG1, JM101, JM109, 
JM110/SCS110, NM522, TOPP Strains, ABLE Strains, 
XLl-Red, BL21 Strains, TK BI Strain, and derivatives 
thereof. According to the method of the invention, the cells 
to be made competent are groWn in a groWth conducive 
medium. Any medium capable of supporting groWth of the 
cells to be made competent can be used. Examples of such 
media include but are not limited to Luria Broth, Luria Broth 
supplemented With 20 mM MgCl2, 0.001% thiamine, and 
0.2% glucose; SOB medium containing 0.001% PPG (recipe 
given beloW); and 15/10 medium (recipe given beloW). 
Other suitable media Will be readily recogniZed by one of 
skill in the art. 

[0028] The incubation temperatures for groWing the cells 
may vary from about 10° to about 42° C. Preferably, the 
temperatures range from about 12° to about 37° C., more 
preferably from about 15° C. to about 32° C., and most 
preferably from about 20° to about 25° C. In a preferred 
aspect of the invention, the cells are groWn at about 23° C. 

[0029] As one of ordinary skill in the art Will understand, 
groWth conditions and culture age can affect both the viabil 
ity and the transformation ef?ciency of cells folloWing 
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cryopreservation. Cells grown in shake ?ask culture are 
generally more resistant to the stress of freeZe-drying than 
are static broth cultures. Furthermore, the age of a culture 
also effects the ability of the culture to survive freeZe-drying. 
Generally, cells harvested in late log or early stationary 
groWth exhibit the greatest resistance to freeZe-drying. 

[0030] Thus, in accordance With the present invention, the 
cells are groWn in shake ?asks, although other means of 
groWth may be used including fermentators. Shake ?asks 
used in the invention can be of any siZe and any type. 
Preferably, baf?ed 2.8 L liter shake ?asks are used for this 
processing. Incubation times Will vary according to the 
conditions used (temperature, medium, aeration, etc.) and 
the cell type. Aeration in ?asks varies according to the 
rotation per minute (rpm) used, With higher rpms resulting 
in higher aeration. Flasks are typically shaken at 100-500 
rpms, preferably 200-400 rpms, and most preferably 0.200 
300 rpms, although one of ordinary skill in the art may 
determine other preferred ranges. Cells are typically groWn 
for a time and under conditions su?icient to reach an optical 
density (OD) at 550 nm betWeen 0.1 to 2.0. Preferably, the 
OD ranges from 0.1 to 1.0, more preferably from 0.3 to 0.8, 
more preferably from 0.5 to 0.8, even more preferably from 
0.5 to 0.7, still more preferably from 0.6 to 0.8, and most 
preferably from 0.66 to 0.75. 

[0031] After the cells have reached the desired OD, the 
cells may be collected for further processing. In accordance 
With the invention, if the desired OD is not reached or is 
exceeded, the cells can again be reinoculated and the groWth 
process repeated until a culture of su?icient optical density 
is obtained. 

[0032] After the cells are collected (by centrifugation, 
?ltration, etc.), they may optionally be chilled (e.g., 0° to 4° 
C. for 5 minutes to 2 hours). Collection of the cells may be 
accomplished by centrifuging the cells to obtain a cell pellet. 
Collection may also be accomplished by concentrating the 
cells and then centrifuging the concentrated cultures to 
obtain a cell pellet. Methods of concentrating the cells 
include, but are not limited to, deWatering the culture, 
?ltering, or subjecting the culture to siZe exclusion chroma 
tography, eg using CentriconTM columns (Amicon Corp., 
Lexington, Mass.). 

[0033] After the cells are collected, the cells are resus 
pended in a competence buffer. A competence buffer is any 
solution that enables cells to take up and establish exog 
enous DNA Non-limiting examples of competence buffers 
include 50 mM CaCl2, 10 mM Tris/HCl (Maniatis, T. et al., 
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold 
Spring Harbor, NY. (1989)); 0.1 M MOPS (pH 6.5), 50 mM 
CaCl2, 10 mM RbCl2, 23% VN DMSO; CCMB80 buffer (10 
mM potassium acetate pH 7.0, 80 mM CaCl2.H2O, 20 mM 
MnCl2.4H2O, 10 mM MgCl2.6H2O, 10% glycerol adjusted 
to pH 6.4 With 0.1 N HCl); TFB buffer (Liu et al., Biotech 
niques 8(1):23-25 (1990)); and X1776 buffer (Maniatis, T. et 
al., Molecular Cloning: A Laboratory Manual (2nd ed., Cold 
Spring Harbor, NY. (1989)). Other suitable buffers are 
disclosed in Tang et al., Nucl. Acids Res. 22(14):2857-2858 
(1994); Chung et al., Proc. Natl. Acad. Sci. USA. 86:2172 
2175 (1989); M. Dagert and S. D. Ehrlich, Gene 6: 23-28 
(1974); Kushner, S. R., In: Genetic Engineering W. 
Boyer and S. Nicosia, eds.) pp. 17-23, Elsevier/North Hol 
land, Amsterdam (1978); Mandel and Higa, J. Mol. Biol. 
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53:159-162 (1970); US. Pat. No. 4,981,797 by Jessee; and 
Hanahan, D., J. Mol. Biol. 166:557-580 (1983). 

[0034] The cells suspended in the competence buffer are 
incubated for a sufficient time and at a temperature su?icient 
to make the cells competent to DNA uptake. Preferably, the 
cells are incubated at loW temperature (0 to 4° C.) for 0 to 
3 hours, more preferably 5 min. to 1 hr., and most preferably 
5 min. to 30 min. After the cells have been made competent, 
a cryoprotectant may be added directly to the cell suspen 
sion. Preferably, the cells are collected and then resuspended 
in a cryoprotectant. The concentration of the cryoprotectant 
Will vary depending on the cell type, buffers used, the type 
of cryoprotectant and other factors. Optimal conditions can 
be determined by one skilled in the art Without undue 
experimentation. Cryoprotectants provide protection of the 
cells during the freeZing process by depressing the freeZing 
point, minimiZing the effect of solution changes external to 
the cell, penetrating the cell to protect against solute con 
centration effects, and/or shifting the optimum cooling rate 
to loWer values P. Simione,]ournal ofParenteral Science 
& Technology, 46(6):226-232 (1992)). Of course, the cryo 
protectant must not be toxic to the cells. Further information 
on the preservation of living cells by freeZe drying may be 
found in Simione, 1992. 

[0035] Any cryoprotectant and combination thereof may 
be used in accordance With the invention. As Will be 
apparent, the type and amount used may vary depending on 
the cell type and conditions used. Cryoprotectants that can 
be used in the present invention include, but are not limited 
to, carbohydrates and carbohydrate derivatives such as tre 
halose, sucrose, lactose, maltose, mannitol, galactose, 
ribose, fructose, xylose, mannose, dextrose, glucose, and 
sorbitol, and polymers such as polyethyleneamine, polyvi 
nylpyrrolidone (PVP), ?coll, etc. Other cryoprotectants 
Which can be used in accordance With the invention, such as 
acacia gum, albumin, gelatin, and sugar alcohols, Will be 
readily recogniZed by one skilled in the art. 

[0036] After the cells have been mixed With the cryopro 
tectant, the cell suspension may be aliquoted into containers 
to be used for lyophiliZation and storage, such as chilied 
cryovials, e.g., NUNC tubes (Gibco BRL, Gaithersburg, 
Md., Cat. No. 366656), or glass vials (Wheaton, Millville, 
N.J Prior to lyophiliZation, the cells are froZen at about 
—20° C. to about —180° C., preferably at about —80° C. to 
about —180° C., most preferably about —80° C. 

[0037] Methods of freeZing a sample to a temperature 
from about —80° to about —180° C. are Well knoWn in the art. 
These include overnight storage (about 16 hours) of the vials 
Which contain the cells in a —80° C. freeZer, or immersion of 
the vials Which contain the cells in dry ice, or in a loW 
temperature bath, such as dry ice ethanol, or in a bath 
containing liquid nitrogen. Other such systems are disclosed 
in The Chemist’s Companion: A Handbook of Practical 
Data, Techniques, and References, Gordon, A. J ., et al., eds., 
John Wiley and Sons, NY (1972). 

[0038] The cells are then lyophiliZed by techniques Which 
are Well knoWn in the art. LyophiliZation is a process by 
Which ice and/or moisture is removed from froZen cells by 
sublimation under vacuum at loW, subZero temperatures 
(e.g., —40° to —50° C.). Any residual moisture associated 
With the “dried” preparation is then removed by gradually 
raising the temperature, resulting in evaporation. Thus, 
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according to the invention, lyophiliZation comprises sub 
jecting frozen cells to a vacuum under conditions sufficient 
to substantially remove moisture and/or ice from said cells 
(also referred to herein as substantially dried cells). The 
substantially dried cells may then be stored at various 
temperatures (room temperature to about —180° C., prefer 
ably about 4° C. to about —80° C., more preferably about 
—20° C. to about —80° C., and most preferably about —20° 
C.). 
[0039] One such process for lyophiliZing cells comprises 
the steps of 

[0040] (a) loading a container containing froZen cells 
into a lyophiliZer, the lyophiliZer having a temperature 
of about —40° to about —50° C.; 

[0041] (b) subjecting the cells to a vacuum; and 

[0042] (c) substantially drying the cells. 

[0043] Preferably, the vacuum is less than about 100 pm, 
and the cells are dried by: 

[0044] holding the temperature of the chamber at 
about —45° C. for about 2 hours; and 

[0045] (ii) increasing the temperature of the chamber 
from about —45° C. to about 10° C. at the rate of about 
0.10 to 1.0° C./hr (preferably, 0.50 to 0.8° C./hr, and 
most preferably 0.60 to 0.8° C./hr). 

[0046] The cell container may then be sealed and stored 
for eXtended time at various temperatures. 

[0047] The viable cell count of competent cells produced 
by the method of the invention Will remain at greater than 
about 1><107 cells/ml, preferably greater than about 1><108 
cells/ml, and more preferably greater than about 1x10 9 
cells/ml When stored at —20° C. for any time period from 
about 0 days to about 450 days, preferably from about 240 
days to about 365 days, and more preferably from about 365 
days to about 450 days. These cells Will retain a transfor 
mation efficiency of at least about 1x105, preferably at least 
about 1x106, more preferably at least about 1x107, still more 
preferably at least about 1x10‘ and most preferably at least 
about 1><109 transformants per microgram of DNA (T/pg). 
Suitable storage temperatures vary from about room tem 
perature to about —180° C. Preferably, the storage tempera 
ture ranges from about 4° C. to about —80° C., more 
preferably from about —20° C. to about —80° C. In a 
preferred aspect of the invention, the cells are stored at about 
—20° C. The storage period or time may range from about 0 
days to about 45 days, preferably from about 0 days to about 
90 days, still more preferably from about 0 days to about 150 
days, yet more preferably from about 240 days to about 365 
days, and still more preferably from about 365 days to about 
450 days, although longer storage times may be used at 
temperatures of about —20° C. and beloW. Competent cells 
produced by the method of the invention may be stored at 
—20° C. for at least one year While retaining substantially 
their transformation efficiency. Substantial retention of 
transformation efficiency means that after lyophiliZation, the 
cells Will have a transformation ef?ciency after storage that 
is about 40% to 100%, preferably at about 60% to 100%, 
more preferably about 70% to 100% and most preferably 
about 80% to 100% of the transformation efficiency of the 
cells immediately after lyophiliZation. 
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[0048] The invention also pertains to transforming a lyo 
philiZed competent cell produced according to the method of 
invention. Transforming said lyophiliZed competent cells 
comprises obtaining a lyophiliZed competent cell, miXing 
said cell With a DNA molecule, and incubating said mixture 
under conditions sufficient to transform said cell With said 
DNA molecule. According to this aspect of the invention, 
the lyophiliZed competent cell may be any gram positive or 
gram negative bacteria including, but not limited to, 
Escherichia, Klebsiella, Salmonella, Bacillus, Streptomyces, 
Streptococcus, and Pseudomonas. Preferably, gram negative 
prokaryotic cells are transformed according to the method of 
the invention, more preferably Escherichia, and most pref 
erably E. coli. According to the invention, any DNA mol 
ecule (e.g. vectors, plasmids, phagemids, eXpression vec 
tors, etc.) may be used. Preferably, the cells are miXed With 
the DNA molecule in the presence of a competence buffer. 
According to the invention, the competence buffer may be 
added to the lyophiliZed competent cells prior to adding the 
DNA molecule or the DNA molecule and competence buffer 
may be added simultaneously to the lyophiliZed competent 
cells. Although miXing of the lyophiliZed competent cell 
With the DNA molecule and a competence buffer is pre 
ferred, any solution may be used to rehydrate and miX the 
competent cells With the DNA molecule. Such solutions 
include Water, saline, or any suitable buffed. 

[0049] After the cells have been transformed With the 
DNA molecule of interest, the transformed cells may be 
groWn in a groWth conducive medium. Typically, such a 
groWth conducive medium contains an antibiotic to assist in 
selection of transformed cells. That is, the DNA molecule to 
be transformed may contain a selective marker (eg an 
antibiotic resistance gene), alloWing selection of trans 
formed cells When the corresponding antibiotic is used in the 
medium. 

[0050] The invention also concerns a method of producing 
a desired protein by transforming a lyophiliZed competent 
cell With a DNA molecule encoding said desired protein. 
Thus, the invention concerns a method of producing a 
desired protein comprising obtaining a lyophiliZed compe 
tent cell produced according to the invention, transforming 
said cell With a DNA molecule capable of eXpressing said 
desired protein, and culturing said transformed cell under 
conditions sufficient to produce said desired protein. Cells 
Which can be used according to this aspect of the invention 
including both gram negative and gram positive bacteria, 
preferably Escherichia, and most preferably E. coli. In this 
aspect of the invention, the cells are transformed by miXing 
the cells With a DNA molecule and incubating the mixture 
under conditions sufficient to transform said cell With said 
DNA molecule. This miXing step may be accomplished in 
any solution. Most preferably, the lyophiliZed competent 
cells are rehydrated in a competence buffer prior to adding 
the DNA molecule, or the lyophiliZed competent cells are 
simultaneously miXed With the DNA molecule and the 
competence buffer. Transformed cells may be selected 
according to techniques Well knoWn in the art including, for 
eXample, selection for marker genes on the DNA molecule 
(e.g. antibiotic resistance genes). After the transformed cell 
has been selected, the cell may then be cultured according to 
Well knoWn techniques in a groWth conducive medium. 
Upon culturing the cell under appropriate conditions, the 
cell is capable of producing the desired protein. The desired 
protein may then be isolated, and a substantially pure protein 
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obtained by Well known protein puri?cation techniques. 
Having generally described the invention, the same Will be 
more readily understood by reference to the following 
examples, Which are provided by Way of illustration and are 
not intended to be limiting. 

EXAMPLES 

Example 1 

[0051] A seed stock of E. coli DHSO. cells (Gibco BRL, 
Gaithersburg, Md.) Was prepared as folloWs: DHSO. cells 
Were streaked on an LB plate (32 g Gibco BRL LB agar 

(Life Technologies, Inc., Gaithersburg, Md.) per liter dis 
tilled Water) and the plate Was incubated for 36 hours at 23° 
C. Several colonies Were picked into a 500 ml non-baf?ed 
shake ?ask containing 25 ml SOB medium (2% Bacto 
tryptone, 0.5% Bacto yeast extract 10 mM/NaCl, 2.5 mM 
KCl, 10 mM MgCl2, 10 mM MgSO4). 

[0052] The ?ask Was shaken at 23° C., 275 rpm, for 
several hours and the optical density at 550 nm is folloWed. 
When the optical density had reached 0.5, 10 ml of the cells 
Were mixed With 10 ml of SOB:glycerol 60:40 (60 ml SOB, 
40 ml glycerol, (Gibco BRL) in a 50 ml conical tube. The 
cells Were mixed using a vortex mixer and Were alloWed to 

remain for 10 min. on ice. 1 ml aliquots Were dispensed into 

NUNC cryovials (Catalog No. 366656) (Life Technologies, 
Inc., Gaithersburg, Md.) and Were frozen in a dry ice ethanol 
bath for at least 5 minutes. The seeds Were stored at —80° C. 

[0053] Aseed of DHSO. cells stored at —80° C. Was thaWed 
on ice for 10 min. 0.450 ml of the thaWed seed Was 

inoculated into 1500 ml of SOB medium containing 0.001% 
PPG in a 2.8 L Fernbach ?ask. The ?ask Was shaken at 23° 

C. (275 rpm). After approximately 20 hours, the culture had 
reached an optical density at 550 nm of 0.66. The cells Were 
chilled on ice for 15 min. and collected by centrifugation 
using Corning 250 ml bottles With 250 ml of cell culture/ 
bottle. The cells Were centrifuged in a GS3 rotor at 4000 rpm 

40 C. for 10 minutes in a Sorvall RC2B centrifuge. 

[0054] Each cell pellet Was resuspended in 75 ml of cold 
CCMB80 buffer (10 mM potassium acetate pH 7.0, 80 mM 
CaCl2.H2O, 20 mM MnCl2.4H2O, 10 mM MgCl2.6H2O, 
10% glycerol adjusted to pH 6.4 With 0.1 N HCl). The cells 
Were kept on ice for 20 min. The cell pellet Was collected at 
4° C. by centrifugation and each cell pellet Was resuspended 
in 16 ml of either 9% aqueous trehalose (Quadrant, Cam 
bridge England) or 12% aqueous sucrose. (Life Technolo 
gies Inc., Gaithersburg, Md.). 250 pl of the cell suspension 
Was aliquoted into chilled 1.0 ml NUNC cryovials (Life 
Technologies, Inc., Gaithersburg, Md., Catalogue No. 
366656). The caps Were placed loosely on top of the vials 
and the vials Were placed in a —80° C. freeZer for 16 hours. 

[0055] Alternatively, the cells Were vialed in chilled 5 ml 
glass vials (Wheaton, Millville, N.J., Catalogue No. 
223712). A rubber stopper Was placed loosely on top of the 
vial, and the vial Was placed in a —80° C. temperature for 16 
hours. 
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[0056] After overnight storage in the —80° C. freeZer, the 
vials Were placed in a Hull lyophiliZer and Were subjected to 
vacuum drying according to the folloWing protocol: 

[0057] (a) Adjust shelf temperature to —45° C. 

[0058] (b) Load froZen DHSO. samples evenly on each 
shelf 

[0059] (c) Close the chamber and turn on the vacuum 
system. When the vacuum is less than 100 m., start the 
drying program composed of the folloWing 3 segments: 

[0060] i) Hold the shelf temperature at —45° C. for 2 
hours. 

[0061] ii) Increase the shelf temperature from —45° 
C. to 10° C. at the rate of about 07° C./hour (55° C. 
in 72 hours). 

[0062] (d) As soon as the shelf temperature reaches 10° 
C., the cells are moved to a 4° C. cold room. 

[0063] (e) Store the vials at —20° C. 

[0064] When the lyophiliZation cycle Was complete, the 
cells Were removed from the lyophiliZer and taken to a 4° C. 
cold room Where the caps Were tightened. The cells Were 
then placed in a foil pouch containing desiccant and the 
pouches Were placed in a —20° C. freeZer for storage. 

[0065] To assay the cells for the transformation e?iciency 
and viable cell count, the vials Were removed from the —20° 
C. freeZer and placed on Wet ice for 6 minutes. The cells 
Were rehydrated in 400 pl of a 1:1 mixture of CCMB80 
buffer Without glycerol (10 mM potassium acetate pH 7.0, 
80 mM CaCl2.2H2O, 20 mM MnCl2.4H2O, 10 mM 
MgCl2.6H2O, adjusted to pH 6.4 With 0.1 N HCl) and FSB 
buffer (10 mM potassium acetate pH 7.0, 100 mM KCl, 45 
mM MnCl2.4H2O, 10 mM CaCl2.2H2O, 3 mM hexaami 
necobalt(III) chloride, 10% glycerol, 5% aqueous sucrose 
adjusted to pH 6.4 With 0.1 N HCl). 100 pl of the cells Were 
removed from the vial and placed in a chilled FalconTM 2059 
tube (Becton Dickenson) for assay With 50 pg of pUC19 
plasmid DNA. The viable cell count of the resuspended cells 
Was also determined by standard dilution using 0.85% NaCl. 
The cells Were then reassayed for transformation e?iciency 
and viable cell count after storage at —20° C. The results of 
one such stability study is presented in FIGS. 1, 2 and 3. 

[0066] FIG. 1 indicates that DHSO. cells lyophiliZed in 
NUNC cryovials using either sucrose or trehalose as the 
cryoprotectant retained a transformation e?iciency of >1.0>< 
107 T/pg When stored for at least 12 months at about —20° 
C. FIG. 2 indicates that the viable cell count of the cells 
stored in NUNC cryovials at about —20° C. remained at 
approximately 1.0><109 cells/ml for at least 12 months. FIG. 
3 indicates that the cells lyophiliZed using trehalose in glass 
vials Which are vacuum sealed retain a transformation 
e?iciency of >1.0><108 T/pg after storage at —20° C. for 12 
months. 

Example 2 

[0067] The folloWing example Was carried out essentially 
as Example 1 With the folloWing exceptions. The DH5><seed 
stored at —80° C. Was thaWed and 600 pl of the seed Was 
inoculated into 1.7 L of SOB medium containing 0.001% 
PPG in a 2.8 L Fernbach ?ask. The ?ask Was shaken for 18 
hours at 23° C., 275 rpm. When the optical density at 550 nm 
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had reached 0.194, 175 ml of the culture Was inoculated into 
1.7 L of SOB medium containing 0.001% PPG in a 2.8 L 
Fernbach ?ask. The ?ask Was shaken for approximately 4 
hours at 23° C., 275 rpm. When the optical density at 550 nm 
had reached 0.09, 2.7 ml of the culture Was inoculated into 
2 Fernbach ?asks each containing 1.7 L SOB medium and 
0.001% PPG. The ?asks Were shaken at 23° C., 275 rpm, for 
approximately 22 hours. When the optical density at 550 nm 
had reached betWeen 0.648 and 0.722, the cultures Were 
harvested and processed as in Example 1, With the exception 
that the cells Were not chilled prior to collection by cen 
trifugation. 200 ml of cells Were then centrifuged at about 4° 
C. as described in Example 1 and the cell pellet Was 
resuspended in 60 ml cold CCMB80 buffer. The cells Were 
placed on ice for 20 minutes and again collected by cen 
trifugation at about 40 C. The cell pellet Was resuspended in 
25.6 ml of cold 12% aqueous sucrose and the cells Were 
placed on ice for 2 hours. 250 VI of the cells Were vialed 
after a 2 hour incubation on ice into chilled NUNC cry 
ovials. The cells Were froZen by placing the vials in a —80° 
C. freeZer for 16 hours or Were froZen by immersion in a 
liquid nitrogen bath. The cells Were lyophiliZed as described 
in Example 1. 

[0068] The results are presented in FIGS. 4A, 4B, and 5. 
As seen in FIGS. 4A and 4B, the cells lyophiliZed in sucrose 
could be stored at —20° C. for at least 5 months Without 
substantial loss of transformation e?iciency. The transfor 
mation e?iciency of the samples Was at least 1><10‘ T/pg. 
Samples frozen in either liquid nitrogen (FIG. 4B) or by 
storage at —80° C. for 16 hours (FIG. 4A) prior to lyo 
philiZation retained a transformation efficiency of >1.0><107 
T/pg. As seen in FIG. 5, the lyophiliZed DHSO. cells could 
be stored at —20° C. Without signi?cant loss of cell viability. 
Freezing in either liquid nitrogen or by storage at —80° C. for 
16 hours prior to lyophiliZation resulted in stable storage of 
the cells. All samples had remained on ice for at least 2 hours 
before vialing. Therefore this data indicates that the cells 
may remain on ice in the cryoprotectant for at least 2 hours 
prior to freeZing and lyophiliZation While substantially 
retaining transformation e?iciency and cell viability. 

Example 3 
[0069] The folloWing example Was carried out essentially 
as in Example 2 With the folloWing exceptions. TWo DHSO. 
seeds Were thaWed and 800 pl Was inoculated into tWo 2.8 
L Fernbach ?asks, each containing 1.7 L of SOB medium 
and 0.001% PPG. The ?asks Were shaken at 23° C., 275 rpm, 
for approximately 19 hours. The optical density of the tWo 
?asks Were 0.3918 and 0.3578, respectively. The cells Were 
collected by centrifugation at 4° C. Each cell pellet Was 
resuspended in 10 ml of room temperature SOB medium 
containing 0.001% PPG and Were pooled (total of 120 ml). 
A 1: 100 dilution of the cells had an optical density of 0.0754, 
indicating that the cell density Was 7.54. TWenty ml of the 
cells Were inoculated into 6 Fernbach ?asks, each containing 
1.7 L SOB medium and 0.001% PPG. The ?asks Were 
shaken at 23° C., 275 rpm, for 6.5 hours, at Which time the 
optical densities of the ?asks Were 0.705, 0.783, 0.701, 
0.749, 0.704, and 0.702. The ?asks Were chilled on ice for 
15 minutes. Ten liters of the cells Were concentrated in the 
4° C. cold room by deWatering to 3 L in the folloWing 
manner. 

[0070] The peristaltic pump used Was a Master?ex model 
7529-30 (Cole Palmer) and the column used Was a Microgon 
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column # M22M-300-01N. The column Was connected to 
the pump and rinsed once With 2 liters of autoclaved 
deioniZed Water. The pump Was turned on and 2 liters of 
0.37% bleach Was circulated through the system for 20 
minutes. The system Was then rinsed With 10 liters of 
autoclaved deioniZed Water. 10 liters of the cell suspension 
Was poured into the reservoir. The cell suspension Was then 
circulated through the system With the pump speed set at 3.5 
to reduce the volume to 3 liters. The process required 
approximately 25 minutes (approximately 280 ml/minute). 
The 3 liters of concentrated cell suspension Was recovered 
from the reservoir by pumping the cell suspension out of the 
reservoir. 

[0071] Six bottles each containing 250 ml of the concen 
trated cell suspension Were centrifuged in a GS3 rotor at 
4000 rpm for 10 minutes at 4° C. Each cell pellet Was 
resuspended in 250 ml of cold CCMB80 buffer. The cells 
remained on ice for 20 minutes, and the cells Were then 
collected by centrifugation at 4° C. Each cell pellet Was 
resuspended in 53 ml of cold 9% aqueous trehalose. The 
cells Were placed on ice or 1 hour, and 250 pl of the cells 
Were vialed in 1.0 ml cryovials (Wheaton, Millville, N] 
The vials Were placed in a —80° C. freeZer and remained for 
16 hours before lyophiliZation. The cells Were lyophiliZed in 
a Tri-PhiliZerTM model TR1585 lyophiliZer (FTS Systems 
Inc.) With the temperature being increased at a rate of 06° 
C./hr. 

[0072] The results are presented in FIGS. 6 and 7. FIG. 
6 indicates that the cells can be stored at —20° C. for at least 
4 months and maintain a transformation e?iciency greater 
than 1><107 T/pg. FIG. 7 indicates that the cell viability 
remains at greater than 1><109 cells/ml after storage for 4 
months at —20° C. 

Example 4 

[0073] This Example Was performed essentially as 
Example 1 With the folloWing exceptions. E. coli strain 
DH10B Was streaked from a master seed stored at —80° C. 
onto an LB plate containing 100-pg/ml streptomycin. The 
plate Was incubated for 24 hours at 23° C. A single colony 
Was picked from the plate and inoculated into a ?ask 
containing 250 ml of 15/10 medium (1.0% Bacto tryptone, 
1.5% Bacto yeast extract, 10 mM NaCl, 2 mM KCl, 10 mM 
MgCl2, 10 mM MgSO4, 0.001% polypropylene glycol 
(PPG)). The ?ask Was shaken at 23° C., 260 rpm in a NeW 
BrunsWick PsycrothermTM shaker for 16 hours. Six ml of the 
culture Was inoculated into a 2.8 L Fernbach ?ask containing 
1.25 L of 15/10 medium, and the ?ask Was shaken at 23° C., 
260 rpm. The optical density at 550 nm Was initially 0.1. The 
?ask Was shaken until the optical density Was 0.7, and the 
cells Were then collected by centrifugation at 4° C. The cells 
Were processed as in Example 1. After resuspension in the 
cryoprotectant, 1 ml of the cell suspension Was aliquoted 
into sterile 5 ml glass vials (Wheaton) and the cells Were 
froZen for 5 minutes in a dry ice ethanol bath. Rubber 
stoppers Were ?tted loosely on the vials and the vials Were 
placed in the lyophiliZer. The cells Were lyophiliZed accord 
ing to the program described in Example 1 except that the 
vials Were sealed under vacuum. 

[0074] After lyophiliZation, the vials Were removed from 
the lyophiliZer, and Were stored at —20° C. in foil pouches 
containing desiccant. At intervals, vials Were removed from 
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the freezer and Were assayed for transformation ef?ciency 
essentially as in Example 1, With the exception that the cells 
Were resuspended in 2 ml of CCMB80 buffer Without 
glycerol. The results are presented in FIG. 8. The data 
indicate that E. coli strain DH10B can be lyophiliZed and 
stored at —20° C. for at least 6 months While substantially 
retaining their transformation ef?ciency. Samples retain a 
transformation efficiency of >1><108 T/pg after extended 
storage at —20° C. 

[0075] It Will be clear that the invention may be practiced 
otherWise than as particularly described in the foregoing 
description and Examples. 

[0076] Numerous modi?cations and variations of the 
present invention are possible in light of the above teachings 
and, therefore, are Within the scope of the appended claims. 

[0077] The entire disclosure of all publications (including 
patents, patent applications, journal articles, laboratory 
manuals, books, or other documents) cited herein are hereby 
incorporated by reference. 

1-43. (canceled) 
44. A method of preparing lyophiliZed gram negative 

prokaryotic competent cells, comprising ?rst rendering gram 
negative prokaryotic cells competent, then lyophiliZing said 
competent cells, Wherein said lyophiliZed competent cells 
exhibit a transformation ef?ciency of betWeen about 1><105 
and 1><109 transformants per microgram of DNA upon 
rehydration. 

45. The method of claim 44, Wherein said cells are 
selected from the group consisting of Escherichia, Kleb 
siella, Salmonella and Pseadomonas. 

46. The method of claim 45, Wherein said cells are 
Escherichia cells. 

47. The method of claim 46, Wherein said Escherichia 
cells are E. coli cells. 

48. The method of claim 47, Wherein said cells are 
selected from the group consisting of DHS, DHSot, DH10B, 
HB101, RR1, JV30, DH11S, DM1, DH10B/p3, 
DHSotMCR, DHSotF‘IQ, DHSotF‘, SCS1, Stbl2, DH12S, 
DHSot-E, DH10BAC, XL-1Blue MRF, XL2-Blue MRF, 
XLl-Blue MR, SURE Strain, SURE 2 Strain, XL-l Blue, 
XL2-Blue, AG1, JM101, JM109, JM110/SCS110, NM522, 
TOPP strains, ABLE Strains, SL1-Red, BL21 Strains, TK BI 
Strain and derivatives thereof. 

49. The method of claim 44, Wherein said cells have a 
transformation efficiency of about 1><105 transformants per 
microgram of DNA. 

50. The method of claim 44, Wherein said cells have a 
transformation efficiency of about 1><106 transformants per 
microgram of DNA. 
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51. The method of claim 44, Wherein said cells have a 
transformation ef?ciency of about 1><107 transformants per 
microgram of DNA. 

52. The method of claim 44, Wherein said cells have a 
transformation ef?ciency of about 1><108 transformants per 
microgram of DNA. 

53. The method of claim 44, Wherein said cells have a 
transformation ef?ciency of about 1><109 transformants per 
microgram of DNA. 

54. A method of preparing lyophiliZed gram negative 
prokaryotic competent cells, comprising ?rst rendering gram 
negative prokaryotic cells competent, then lyophiliZing said 
competent cells, Wherein said lyophiliZed competent cells 
upon rehydration exhibit a transformation efficiency after 
storage for 30 days to 120 days at —20° C. that is about 40% 
to 100% of the transformation ef?ciency that said cells 
exhibit upon rehydration immediately after lyophiliZation. 

55. The method of claim 54, Wherein said cells are 
selected from the group consisting of Escherichia, Kleb 
siella, Salmonella and Pseadomonas. 

56. The method of claim 55, Wherein said cells are 
Escherichia cells. 

57. The method of claim 56, Wherein said Escherichia 
cells are E. coli cells. 

58. The method of claim 57, Wherein said cells are 
selected from the group consisting of DHS, DHSot, DH10B, 
HB101, RR1, JV30, DH11S, DM1, DH10B/p3, 
DHSotMCR, DHSotF‘IQ, DHSotF‘, SCS1, Stbl2, DH12S, 
DHSot-E, DH10BAC, XL-1Blue MRF, XL2-Blue MRF, 
XLl-Blue MR, SURE Strain, SURE 2 Strain, XL-l Blue, 
XL2-Blue, AG1, JM101, JM109, JM110/SCS110, NM522, 
TOPP strains, ABLE Strains, SL1-Red, BL21 Strains, TK Bi 
Strain and derivatives thereof. 

59. The method of claim 54, Wherein the transformation 
ef?ciency of said cells after storage for 30 days to 120 days 
at —20° C. is about 60% to 100% of the transformation 
ef?ciency of said cells immediately after lyophiliZation. 

60. The method of claim 54, Wherein the transformation 
ef?ciency of said cells after storage for 30 days to 120 days 
at —20° C. is about 70% to 100% of the transformation 
ef?ciency of said cells immediately after lyophiliZation. 

61. The method of claim 54, Wherein the transformation 
ef?ciency of said cells after storage for 30 days to 120 days 
at —20° C. is about 80% to 100% of the transformation 
ef?ciency of said cells immediately after lyophiliZation. 


